Objective: To study whether a cue-based clinical pathway for oral feeding initiation and advancement of premature infants would result in earlier achievement of full oral feeding.
Introduction
Preterm infants need to be able to coordinate sucking, swallowing, and breathing, sustain alert awake behavior and preserve cardiorespiratory stability to achieve successful oral feeding. 1 This develops through a gradual oral motor maturation process that correlates with the emergence of motor pathways and maturation of the central nervous system, which correlates with the postmenstrual age (PMA) of the infant. 2 Until these levels of behavioral readiness and oral motor maturation are reached, preterm infants commonly require gavage feedings which are given on a schedule to ensure that specific feeding volumes are consumed. The attending physician orders bottle or breast feedings to gradually replace gavage feedings until the infant can take in enough calories by mouth to support growth. These scheduled feedings are generally ordered to be given every 3 h, whether or not the infant has had a chance to come to a quiet alert state and naturally display hunger cues, important prerequisites to oral feeding success. 1 Previously in our NICU, safety considerations dictated that oral feedings not be introduced until 33 to 34 weeks when early studies suggested that suck-swallow-breathe coordination appears. 3 More recent studies have shown that premature infants with uncomplicated courses may be able to orally feed safely at earlier gestational ages. 4, 5 Other studies have shown that healthy preterm infants can attain full oral feeding earlier by providing the cues to regulate their own feeding schedule. 1, [5] [6] [7] While these studies showed that full oral feeding can be achieved at earlier gestational ages by initiating oral feeding earlier and/or by employing infant-determined feeding schedules, they focused on select populations of 'well' preterm infants: some limited entry by weight criteria, 6, 7 others failed to include infants with significant oxygen need or history of severe intraventricular hemorrhage. 5, 8 Hence, many infants commonly cared for in the NICU have not been studied, are probably at greater risk for delayed progress with oral feedings, and may also benefit from a more individualized approach to oral feeding. 9 We designed a clinical pathway for oral feeding initiation and advancement that was contingent on behavioral readiness signs and hunger cues and could be managed by the bedside nurse. We hypothesized that applying this method to a more general population of premature infants than previously studied would result in earlier achievement of full oral feeding without compromising weight gain.
Methods

Study sample
The oral feeding clinical pathway was globally instituted at the University of Utah Medical Center in July 2004. The study group was composed of the first 29 premature infants (born <37 weeks of PMA), whose oral feedings were advanced per the clinical pathway. Infants were eligible for oral feedings to be advanced by the clinical pathway if still requiring gavage feedings once tolerating a full enteral feeding volume. This initial group of infants was selected to assess the efficacy of the clinical pathway as cue-based oral feeding advancement was being applied to a group that included infants with more significant past medical histories than had previously been studied. The controls were selected from a computerrandomized list of premature infants discharged between July 2002 and June 2003. The first 24 preterm infants on the list, who still required gavage feedings once tolerating full enteral volume, became the control group. Infants in the control group had their oral feedings initiated and advanced according to the discretion of the attending physician. Infants transferred to another institution (including all infants with surgical anomalies) or discharged home before attainment of full oral feedings were excluded from both groups. Non-surgical congenital anomalies and genetic syndromes were not exclusion criteria. PMA was determined from obstetrical records and physical exam of the patient. The age determined from the obstetrical record was used, unless the physical exam differed by more than 2 weeks. There were no changes in feeding practices implemented from the beginning of the control period (2002 to 2004) that might be expected to have influenced oral feeding or readiness for oral feedings. The year before July 2004 was specifically excluded to avoid the period of clinical pathway development and possible changes in oral feeding practices by involved staff or physicians.
Clinical pathway development and implementation
We designed a clinical pathway, which allowed the bedside nurse to advance oral feeding through specific milestones using infant behavioral feeding readiness signs and hunger cues rather than daily physician orders (Figures 1 and 2 ). This pathway was generated from a review of the literature and from input by a multidisciplinary group that included neonatal nurses, occupational therapists, a nurse manager, a pediatrician and the unit medical director.
1,2,5 -8,10 -13 In short, oral feedings were initiated by physician order once oral feeding readiness signs (tolerance of full enteral feedings, tolerance of skin-to-skin contact, ability to sustain non-nutritive suck on pacifier and ability to transition to an alert state) were present, the infant was at least 32 weeks of PMA, and no longer required positive airway pressure or manifested respiratory distress. Infants were then advanced through specific milestones beginning with one oral feeding per 12 h shift. Once an infant was able to complete this first milestone efficiently (greater than 75% of required volume in less than 30 min without significant apnea, bradycardia or desaturation episodes) with appropriate weight gain (10 to 15 g/kg/24 h) for 48 h he/she was advanced to two oral feedings per shift. After successfully completing the two oral feedings per shift milestone, the infant was advanced to ad libitum oral feeding where the infant was only gavaged if asleep or otherwise expressing no interest in oral feeding 4 h after the previous feeding. The nasogastric (NG) feeding tube was removed, once the infant had appropriate weight gain for 48 h without supplementation by NG (see Figures 1 and 2 ). Importantly, every oral feeding attempt was monitored closely for signs of stress such as a change in color, change in state of alertness, changes in breathing pattern and abnormalities in swallowing. 13 If these signs were noted despite appropriate pacing, the feeding was halted. The oral feeding attempt was continued as long as the infant showed signs of stability such as smooth and regular respirations; appropriate postural control; focused and clear alertness; good coordination of sucking, swallowing and breathing; optimal color. 13 Preterm infants born at greater than 34 weeks of PMA who still required gavage feedings at attainment of full enteral feeding volume were started on the clinical pathway and allowed to advance more rapidly (that is every 24 h) if skills permitted. The pathway was implemented by the bedside nurse, the person most aware of the infants' cues on the medical team. At any time, concerns regarding oral feeding delays or other problems that may impact feeding ( for example, not waking, tiring quickly, suspected gastroesophageal reflux, respiratory distress, significant apnea with feedings or regression of oral feeding skills) were discussed with the attending physician and appropriate evaluations and/or interventions undertaken.
Before initiation of the study, the clinical pathway was formally presented at interdisciplinary staff management meetings as well as faculty and nurse practitioner meetings. In addition, all staff watched a training video and participated in monthly in-service sessions. The infant's oral feeding status was reported on daily physician rounds and on weekly rounds with the investigators, so questions could be answered or noncompliance with the pathway addressed.
Procedure
The clinical pathway was initiated by physician order as already described. The bedside nurse kept a standardized feeding record to keep track of oral feeding progress (time of feeding, length of feeding, amount of feeding and current point on the clinical pathway) and to facilitate transfer of specific information on feedings to the subsequent nurse. The PMA at the start of oral feeding and at full oral feeding (removal of gastric tube) was recorded by the bedside nurse for each infant and confirmed by chart review of the nursing notes by the investigators. This data was obtained from the control group by chart review. Demographic, growth and medical history data were obtained by chart review for all infants.
The Institutional Review Board of the University of Utah Health Science Center approved this study. Signed informed consent documents were not required on the basis that there was no perceived risk to the patient, and there was no release of patient identifying data.
Statistical analysis
The differences in the mean PMA at start of oral feeding, mean PMA at full oral feeding and rate of weight gain during the oral feeding phase of hospitalization between the study and control groups were analyzed using an independent samples t-test. A minimum sample size of 19 infants per group based on a mean difference of 7.0 days, assuming a common s.d. of 8.5, was needed to achieve a power of 80% with a one-sided significance of <0.05 by independent t-test for the main outcome measure of mean PMA at full oral feeding. The PMA at full oral feeding was further analyzed in a multivariate fashion using multiple linear regression to assess for potential confounding effects of PMA at birth, birth weight, gender and ventilator/continuous positive airway pressure (CPAP) days (as a marker of illness severity). Regression models were developed using standard model development approaches. 14 The final model used in the analysis was informed by these model development techniques combined with confounders deemed to be clinically relevant.
Results
Fifty-three infants comprised the study; 29 in the study group and 24 in the control group. One in each group was excluded from Is off the ventilator? Figure 1 Oral feeding clinical pathway.
Cue-based oral feeding clinical pathway AT Kirk et al further analysis for failure to attain full oral feeding before discharge. Neither infant had a past medical history that varied significantly from others included in the study, and both were discharged after 43 weeks of PMA. There were 51 infants finally included in the study. No infants were excluded because of nonsurgical medical problems. Medical history characteristics of the two groups are shown in Table 1 . Importantly, 43% of study infants and 61% of controls had bronchopulmonary dysplasia (defined as an oxygen need at 36 weeks of PMA). None in either group had severe congenital anomalies or genetic syndromes. The PMA at full oral feeding was significantly less by 6 days for those whose feedings were advanced using the clinical pathway (252±10 study vs 258±11 days PMA control, P ¼ 0.02) ( Table 3 and Figure 3 ). Data were further analyzed using multiple linear regression.
Oral feeding clinical pathway explanation sheet.
a Oral feeding Clinical Pathway: Infants must be > 32 weeks (wks) postmenstrual age (PMA), must be off mechanical ventilation, and must be tolerating full volume enteral feedings to start the protocol. Non-nutritive sucking (see c) is encouraged prior to this time. Infants > 34 wks PMA who show signs of readiness (see b) may be offered ad lib feeding volumes PO as soon as feedings are started, but if they require some tube feedings once at full volume, they enter the pathway at whichever milestone seems appropriate and may advance faster (q 24 hr) as their skills allow. Feeding frequencies are based on 12 hour shifts.
b Readiness for oral feedings: The infant should be gaining weight appropriately (see i). The infant should also be able to suck on a pacifier for 3 minutes with a normal suck-burst-rest pattern, transition to an alert state, tolerate holding, and have a respiratory rate < 70. A lactation consult is requested if breast feeding.
c Infants < 34 wks PMA not ready to PO feed: The infant is held and offered a pacifier for 10 minutes with a gavage feeding one time per shift or if to breast feed, the infant should be placed skin-to-skin and suck at the empty breast.
d Infants > 34 weeks PMA not ready to PO feed: Occupational therapy is consulted for infants > 34 weeks PMA who do not show readiness to feed PO. OT follows with the RN until the infant progresses to the next milestone.
e Timing and initiation of the first PO feed: Allow the infant to wake up on his own and come to an alert state. Oxygen saturation (SpO2) should be monitored during oral feedings. If the infant is already on O2, increase the inspired O2 (FiO2) by 5-10% prior and adjust to maintain the SpO2. FiO2 adjustments should be noted and applied to subsequent feedings. Use external pacing (tip the milk out of the nipple after 3 sucks to give the infant a 3 sec pause for respiratory recovery). The number of sucks can be slowly increased as the infant shows stability (smooth and regular respirations, good postural control, hands actively near face, focused and clear alertness, good coordination of sucking, swallowing and breathing, and good color) without stress (adverse color change, altered alertness, increased respiratory distress, gulping, coughing, or choking). If stress is observed despite appropriate pacing, consult OT and inform the MD.
f Infant-driven PO feeding schedule: When an infant is offered a PO feeding is determined by the infant (awake, alert prior to feeding), not by the nurse or parent. If an infant sleeps through a planned PO feeding attempt, try again later in the shift. If a breast feeding mother cannot come each shift, she may try breast feedings twice during one shift as long as the infant is awake and alert prior to the feedings. Continue to observe for signs of stability or stress and adjust oral feeding accordingly.
g Estimating how much to gavage after breast feedings: Weighing the infant before and after a breast feeding (test weight) using a scale accurate to within 5 grams is the best way to determine how much the infant has taken (1 gm of weight gain = 1 ml of intake). 11 Alternatively, if the infant actively sucks for < 5 minutes, give a full gavage feeding or supplement, for 5-15 minutes, give ½ of a supplement, for > 15 minutes give no supplement. In all cases, the mother's milk supply must also be adequate (able to express at least twice the feeding volume). Always do a test weight to see if volume criteria are being met before going on to the next milestone. i Appropriate weight gain: Infants should gain an average of 10-15 grams/kg/day once on a normal caloric intake of about 120 kcal/kg/day enterally in order to advance. If infants fail to average this growth, inform the MD. For breast fed infants, a test weight should be done to ensure adequate supplementation. j Giving bottle feedings to breast fed infants: When the mother cannot come in for every PO feeding, ask permission to bottle feed breast milk and continue to advance. However, do not introduce bottle feedings before 34 weeks PMA nor before the infant is taking at least one full breast feeding every shift.
k Milestones: Infants must PO > 75% of a feeding in < 30 minutes at the indicated frequency for 2 days and gain weight appropriately to advance to the next milestone. The PMA should be recorded for each advancement.
l Demand (NG in) feeding: Infants are fed PO as much (or as little) as they want and as often as they demand a feeding by readiness cues every 2-4 hours. If the infant does not wake up by 4 hours, gavage a 4 hour volume. If the infant does wake but only takes a small amount, do not push the feeding beyond 30 minutes nor gavage any additional volume. However, if the infant takes < 75% of the volume for a shift, the RN on the next shift should return to the former milestone (PO twice/shift) then may try demand feedings again when ready to advance. Grades 3À4.
Cue-based oral feeding clinical pathway AT Kirk et al
Gestational age, birth weight, the sex of the infant and the number of days on a ventilator were assessed as potential confounding factors. None of these factors differed significantly between the study and comparison group (Table 2 ). A final model that incorporated the sex of the infant and the number of days on a ventilator was run, with the study group reaching full PO (per os) 4.56 days earlier than the retrospective comparison (p 1Àtailed ¼ 0.037). Gestational age and birth weight were not added into the model, as the study infants had a lower mean gestational age at birth and smaller mean birth weight. An equal number of infants received a combination of both bottle and breast-feeding (n ¼ 19 study; n ¼ 19 control), while the remaining infants in each group were exclusively bottle-fed. There was no significant difference found between groups for PMA at the start of oral feeding (34 2/7±1 5/7 study vs 34 4/7±2 weeks of PMA control, P ¼ 0.65), nor were there differences between groups in length of hospital stay or of weight gain during the oral feeding phase of hospitalization (Table 3) . Final criterion for discharge differed between the control and study groups. Achievement of full oral feeding was the final discharge criterion for 70% of the control infants and 43% of the study infants, while resolution of apnea of prematurity was the final discharge criterion for 22% of the control infants and 50% of the study infants.
Discussion
In this study, our preliminary data showed that we could apply infant behavioral readiness signs and hunger cues to a more general population of premature infants than in previous studies using a clinical pathway to achieve earlier attainment of full oral feeding (removal of gastric tube) compared to controls, without compromising weight gain. Not only was weight gain not compromised in the study infants, there was a trend for them to have better weight gain than infants in the control group. The clinical pathway was developed using evidence which suggests that preterm infants are ready to regulate their own feeding as early as 32 weeks of PMA and that cue-based feeding can facilitate oral feeding progression. 1, [6] [7] [8] 13 A study of infants born less than 30 weeks of gestation showed that early introduction of oral feeding could occur at an average of 31 weeks of PMA when initiating oral feedings 48 h after achieving full tube feeds. 5 This earlier introduction of oral feedings accelerated the transition time from tube to all oral feeding. 5 In regards to the effectiveness of cuebased oral feeding, an early study showed that ad libitum oral feeding promoted faster attainment of full oral feeding in a group of healthy preterm infants weighing at least 1800 g on study entry, without complications. 6 Similarly, another study of preterm infants <37 weeks of gestation showed that stable preterm infants were able to self-regulate the frequency and amount of their feedings and allow longer sleep times between nursing interventions without compromising growth using a demand feeding protocol. 7 A maximum 5-h time limit between feedings was established and guidelines for minimum fluid and caloric intake were employed as smaller infants were included than in previous studies (down to 1550 g at study entry). Infants who failed to take adequate amounts by nipple for two consecutive feedings, or who required more than 30 min to nipple feed, were automatically fed by gavage at the next feeding. 7 Another study showed that a semi-demand method for transition from gavage to oral feeding in healthy, preterm infants promoted faster attainment of oral feeding (by 5 days) without compromising weight gain. The semi-demand protocol was initiated as early as 32 weeks of postconceptional age once infants were receiving all feedings enterally. Oral feedings were offered every 3 h based on assessment of behavioral state following non-nutritive sucking. Infants were given an additional 30 min to come to a state of alert wakefulness if still asleep before being fed by gavage. The length of feeding was determined by infant tolerance; gavage supplementation was used if the infant could not take a full feeding. NG tubes were removed once an infant could take all feedings orally in a 24 h period without gavage supplementation. 8 In summary, these studies show the effectiveness of an infant cue-based approach to oral feeding initiation and advancement in a 'healthy' population of preterm infants, perhaps by allowing spontaneous awakening and thus increased awake alert time for oral feeding, an important factor for oral feeding success. 15 As studies incorporated smaller and less mature infants, more safeguards (such as limits on intervals between feedings and duration of feedings) were put in place to ensure appropriate weight gain.
Other investigators have shown that certain morbidities associated with prematurity can delay attainment of full oral feeding. Advancement to full nipple feeding may be limited by respiratory control in infants with chronic lung disease. 9 This may be because of issues such as irregular breathing patterns associated with oral feedings and/or delays in the normal maturation of stable suck/swallow rhythms. 16, 17 Infants such as these may also benefit from a more individualized approach to oral feeding as our study proposes.
To apply this more infant-directed method of oral feeding to the general population of nonsurgical premature infants, we employed a cautious approach to early demand feeding. Our clinical pathway allowed infants to move rapidly to demand feeding as long as they showed efficiency and weight gain at each milestone. All oral feedings were initiated and continued based on the infant's behavioral readiness signs and feeding cues. Safeguards were designed into the clinical pathway to allow for appropriate consultation by occupational therapy (OT) and to alert the attending physician of worrisome symptoms affecting oral feedings. OT was consulted to assess any infant who failed to initiate oral feeding by 34 weeks of PMA, had evidence of stress with oral feedings despite pacing, or had delays in feeding progress. OT's recommendations were then discussed on team rounds with the attending physician who could alter the feeding plan or seek additional evaluation or intervention as indicated. Other conditions that required evaluation by the attending physician included not waking, tiring quickly, poor weight gain, suspected gastroesophageal reflux, pain associated with feeding, tachypnea with feeding, increasing oxygen requirement, apnea with feedings or regression of oral feeding skills.
As the clinical pathway was designed to be managed by the bedside nurse, the person in the best position to regularly observe and assess the infant, oral feeding could be advanced in a more efficient way for the infant. The standardized feeding record (time of feeding, infant state, feeder, volume, breast/bottle, duration and current point on pathway) kept by the nurse at the bedside facilitated this efficiency. This process was strongly supported by the nurses and led to the permanent incorporation of these assessment parameters into the bedside nursing flow sheet. In addition, the clinical pathway eliminated the many styles and preferences of a variety of physicians plus the inefficiency of once a day feeding orders. The clinical pathway also introduced a standard approach to OT consultation, one that directed their involvement to infants experiencing problems with oral feeding. In this way, an infant's progress was not slowed awaiting consultation unless specifically necessary.
One purpose of this clinical pathway was to start oral feedings at an earlier PMA. While there has been discussion regarding whether the maturation of suck-swallow-breathe coordination is related to the infant's PMA or experience, Simpson et al. 5 recently found that experience may play the more important role. 18, 19 While there was a trend toward starting oral feedings earlier in our study, the difference was not statistically significant. Because this study included the first patients put on the clinical pathway, relative inexperience in assessing signs of feeding readiness may have kept some staff from starting oral feedings at an earlier PMA. Other factors, such as the change to cue-based feeding and advancement without need for a specific written order, may be more important for the current study population. Given the findings of Simpson et al., 5 we speculate that more dramatic differences may be noted in the future as the clinical pathway becomes more familiar to staff.
An important question about these findings is the effect of earlier PMA at full oral feeding on hospital length of stay. Earlier studies by Eichenwald et al. 20 identified a significant relationship between the achievement of full oral feeds and the timing of hospital discharge in healthy preterm infants. While we did observe a dramatic decrease in the number of infants whose final discharge criterion was the achievement of full oral feeding, this positive finding may have been offset by the routine use of continuous apnea monitoring until discharge in our NICU. Eichenwald et al. 20 showed that this practice can contribute to an increased hospital length of stay. It is possible that in subgroups of infants without prolonged apnea of prematurity, the clinical pathway would have shortened length of stay significantly. We are currently studying a larger cohort to evaluate subgroups of the general premature population.
There are some important limitations to this study. While we conducted weekly nursery rounds to assess understanding and reviewed the feeding records for adherence to the pathway, strict compliance with the clinical pathway was not measured. Therefore, the results may reveal the general acceptance of cue-based feeding and feeding awareness rather than exact implementation of the specific steps in the pathway. Another limitation is the use of historical controls. This method was chosen over randomization to reduce nursing bias effect. A larger sample comparing study infants to controls matched for gestational age, birth weight, or bronchopulmonary dysplasia or using twice as many controls may have assured more comparable groups and strengthened our study. Although attempts were made to control for likely confounding factors (gestational age, birth weight, gender and ventilator/CPAP days (as a marker of illness severity)), there may be other currently unidentified differences in care between the two groups that contributed to the improvement in oral feeding progression in the study group. In addition, this study was designed to look at the effect of applying behavioral readiness signs and hunger cues to oral feeding management for a broader group of premature infants than previous studies. While our study did show an earlier age at achievement of full oral feeding in a broader group of premature infants, it was not powered to look for differential impact on specific subpopulations. Further research is necessary to examine effects more thoroughly on larger groups of premature infants with histories of specific morbidities.
